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[57] ABSTRACT

An apparatus and method for controlling the amount
and concentration of make-up water and chemicals
introduce into the recirculating water of a cooling
tower system. A float operated make-up valve controls
the addition of make-up water to the tower. As make-up
water 1s added to the tower a vacuum 1s produced at an
injector valve which draws chemicals from a chemical

“holding tank into the make-up water, thereby allowing

precise control of the chemical concentration in the
make-up liquid. Further, a bleed valve i1s provided
which is responsive to the vacuum produced at the
injector valve and bleeds a portion of the recirculating

water to waste.

28 Claims, 3 Drawing Sheets
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WATER TREATMENT CONTROL SYSTEM FOR
TREATING COOLING TOWER MAKEUP WATER

FIELD OF THE INVENTION

This mvention relates to a water treatment control
system and, more particularly, to a method and appara-
tus for controlling the amount and concentration of
make-up water and chemicals introduced into recircu-
lating water of a cooling tower system.

BACKGROUND OF THE INVENTION

Many different types of water cooling tower systems
are known in the art. In a typical cooling tower system,
water is recirculated past a heat exchange mechanism
and a cooling mechanism and is collected in a basin or
reservoir located at the base of the tower. As recirculat-
ing water is lost due to evaporation during the cooling
process, make-up water must be added to the system. In
addition, as water evaporates, the concentration of cor-
rosive solids present in the recirculating water in-
creases. Accordingly,. in some instances, it is desirable
to bleed off a portion of the recirculating water to re-
duce the concentration of solids present in the recircu-
lating water. Further, chemicals are added to the recir-
culating water for any of a number of reasons including
the prevention of corrosion. It is important that the
concentration of chemicals in the recirculating water be
constant and controlled in order to prevent corrosion
and scaling. Prior water treatment systems are costly,
complex and subject to considerable maintenances.

One such prior water treatment system is electrically
controlled. In this type of system, a water meter with an
electrical contact head measures the amount of make-up
water that has been added to the cooling tower. After a
certain amount of make-up water passes through the
meter, an electric switch mounted on the meter head is
activated. This electrical switch then activates an ad-
justable reset timer, which, in turn, operates a chemical
feed pump and an electrically operated solenoid bleed
valve. The chemical feed pump 1s independently ad-
justed to deliver the desired chemical quantity based on
the amount of water added to the tower. The amount of
water bled to waste from the recirculating water is
controlled by a manual hand valve on the solenoid
bleed valve and is proportional to the of amount of
water circulating through the system. This system is
expensive due to costly electrical meters, switches, and
valves and is subject to considerable maintenance due to
failure of the switches, meters, valves, diaphragms, etc.

Another prior water treatment system is a feed and
bleed system which employs a conductivity probe to
control the chemical concentration in the recirculating

water. The conductivity probe senses a decrease in the

electrical resistance of the recirculating water in the
cooling tower due to an increase in the amount of dis-
solved solids in the recirculating water. After a specific
conductivity value is sensed, a controller for the probe
activates an electrical circuit, which, in turn, activates a
chemical feed valve and an electrically operated sole-
noid bleed valve. The chemical feed valve is adjusted to
control the amount of chemicals added to the recircu-
lating water. The bleed valve, once activated, operates
to bleed a portion of the recirculating water to waste
until the water resistance increases to a pre-set value. At
this point, the conductivity probe controller deactivates
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the electric circuit, which, in turn, deactivates the bleed
valve and chemical feed valve.

The addition of make-up water is controlled sepa-
rately from the addition of chemicals and operation of
the bleed valve. When the water in the basin decreases
below a set value, a valve and sensing mechanism causes
make-up water be added to the system until the water
level in the basin increases above a set point. This sys-
tem is even more expensive than the electrically con-
trolled system described above due to costly sensors
and is also subject to considerable maintenance. In addi-
tion, because the chemical feed is controlled separately
from make-up water feed, chemicals may be introduced
into the recirculating water while no make-up water is
being added, or alternatively, the addition of make-up
water may continue while no chemicals are being
added. As a result, the chemical concentration in the
recirculating water is inaccurate and poorly mixed.

Thus 1t i1s a problem in the prior art to provide an
accurate, well mixed, chemical dosage system for small
and medium sized cooling towers. It is also a problem in
the prior art to provide a controlied bleed for small and
medium sized cooling towers. In addition, it is a prob-
lem in the prior art to provide an inexpensive and low
maintenance way to maintain a minimal chemical dos-
age and save on water usage in a cooling tower system.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
method and apparatus for providing an accurate, well
mixed, chemical dosage system for a cooling tower
system. |

It 1s a further object of the present invention to pro-
vide a controlled bleed for a cooling tower system.

It 1s a further object of the present invention to pro-
vide a chemical dosage system for a cooling tower
system that does not require electrical control or expen-
sive sensors.

It is a further object of this present invention to pro-
vide an 1nexpensive, easy to use, and low maintenance
system tO maintain minimum chemical dosages in a
cooling tower system and save on water usage.

Additional objects, advantages and novel features of
the invention will be set forth in the description which

follows, and will become apparent to those skilled in the

art upon reading this description or practicing the in-
vention. The objects and advantages of the invention
may be realized and attained by the invention of ap-
pended claims.

To achieve the foregoing and other objects, in accor-
dance with the present invention, as embodied and
broadly described herein, the water cooling tower sys-
tem of this invention may comprise a water cooling
tower having means for recirculating a liquid there-
through; means for adding make-up liquid to the tower
in order to compensate for recirculated liquid lost to
evaporation; means for sensing and controlling the level
of liquid in the cooling tower; the means for adding
make-up liquid to the tower being responsive to the
hquid level sensing and controlling means, whereby
when a minimum level of liquid is sensed by the liquid

level sensing means make-up liguid is added to the

tower by the means for adding make-up liquid; vacuum
responsive chemical additive means connected to the
means for adding make-up liquid to the tower for creat-
ing a vacuum which draws chemicals into the make-up
liquid as the make-up liquid is added to the tower; and
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vacuum responsive liquid removal means for bleeding a
portion of said liquid to waste.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are mncorpo-
rated in, and form part of, the specification, 1llustrate an
embodiment of the present invention and, together with
the description serve to explain the principle of the
invention. In the drawings: |

FI1G. 1 1s a schematic view of the water treatment
control system of the present invention.

F1G. 2 1s an enlarged detailed view of the adjustable
float operated make-up valve.

FIG. 3 is an enlarged view of the bleed valve of the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Reference will now be made in detail to the preferred

S
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embodiment of the invention, an example of which i1s 20

illustrated in the accompanying drawings.

IHustrated in FIG. 1 is the water treatment system of
the present invention. A base 12 of a cooling tower 10 1s
filled with water as indicated at 13. Recirculating water
or other hquid leaves the tower through a water outlet
(not shown), 1s passed through a suitable heat exchange
mechanism, and 1s returned to the tower through a
recirculating water return line §3 and a water inlet (not
shown). |

Due to evaporation of recirculating water from the
tower 10 during the cooling process, make-up water is
added to the tower 10 through a make-up water inlet 15.
Means are provided for sensing the level of liquid in the
tower and for controlling the inflow of make-up water
added to the tower. Preferably, such means comprise an
adjustable non-modulating float operated make-up
valve indicated generally at 20, the operation of which
will be described in detail later. It 1s necessary to add
chemicals or other additives to the recirculating water
in tower 10 for any number of reasons, including, pre-
venting corrosion of the system, disinfecting the system,
softening the water in the system, dissolving solids in
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system, or preventing microbiological growth in the

system. Vacuum responsive chemical additive means
are provided for controlling the inflow of chemicals
into the recirculating water; preferably, such means
include a vacuum responsive injection valve 35 con-
nected to a chemical holding tank 41 through a chemi-
cal feedline 42. The chemicals are supplied from the
chemical holding tank 41, pass through the chemical
feedline 42 and mix with make-up water at an injection
valve 35 before entering the tank through a make-up
water and chemical mixture inlet 34.

As shown in FIG. 2, the adjustable float operated
make-up valve 20 1s comprised of a float 21 which floats
in the water 13 contained in the tower 10, a make-up
valve 26 which is preferably of the pilot-operated dia-
phragm-type and a chain 22 which connects the float 21
to the make-up valve 26. The make-up valve 26 is com-
prised of a magnetic plunger 23, permanent magnets 24,
a spring 25, pile port (not shown), and diaphragm (not
shown).

The float operated make-up valve 20 is responsive to
the water level 13 in the tower 10 and its operation is as
follows. As the water level 13 in the tower 10 decreases,
the downward movement of the float 21 pulls the per-
manent magnets 24 of the make-up valve 26 over the
magnetic plunger 23. The plunger 23 is pulled off the
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pile port in the center of the diaphragm releasing pres-
sure on the diaphragm, allowing the diaphragm to be
lifted off the make-up water inlet and allowing make-up
water to flow through the inlet. As the water level 13 in
the tower 10 rises, the float 21 nises, the permanent
magnets 24 move upward, and the magnetic plunger 23
drops back over the pile port. Pressure builds up on top
of the diaphragm through a small bleed hole. When the
pressure equalizes, the spring 25 closes the diaphragm
and prevents all inflow of make-up water through the
make-up water inlet 15. Many different materials can be
used for the components of this system. Preferably, the
float 21 is made out of polyethylene, the diaphragm and
seals are made out of BUMA-A rubber and the valve
body is made out of brass. The level differential of this
float operated make-up valve system is approximately
three inches. The float operated make-up valve, thus,
allows accurate and precise regulation of the water
level in the tower 10.

The operation of the system for controliing the in-
flow of make-up water and chemicals and outfiow of
recirculating water to waste will now be described.
When the adjustable float 21 of the float operated make-
up valve 20 drops below a predetermined minimum
level, the make-up valve 26 is opened in the manner
described above and make-up water is added to the
tower 10 at a constant rate. The addition of make-up
water produces a vacuum at the injector 35. This vac-
uum draws chemicals out of the chemical holding tank
41 through the chemical feedline 42 where they blend
with the make-up water at the injector 35. The amount
of chemicals added in proportion to make-up water
added is controlled by a metering jet 45 in the chemical
feedline 42.

The make-up water and chemical mixture then flows
into the tower 10 through the make-up water and chem-
ical mixture inlet 34. The chemical concentration is
constant and well mixed because chemicals are added to
the system in a constant proportion to the amount of
make-up water added and only when make-up water 1s
added. A check valve §6 is provided in vacuum line 42
to prevent the vacuum line 42 from draining during the
period when n make-up water is being added. A siphon
breaker 30 1s provided between the make-up water inlet
15 and the injection valve 3§ to prevent backflow of
chemicals into the make-up water line 16. Preferably,
the injector 35 1s made out of polypropylene. The chem-
ical concentration does not fluctuate because the situa-
tion does not arise where make-up water is introduced
in the absence of chemicals, or vice versa. Further, this
system allows for accurate and precise control of the
dosage of chemicals in make-up water without any
complicated and expensive electrical control.

As water 1s evaporated from the recirculating water
solids may accumulate in the water that can lead to
corrosion. It 1s, therefore, desirable to discharge a por-
tion of the recirculating water to -waste in order to
lower the level of solids in the recirculating water and
maintain a desired concentration. Accordingly, this
invention further provides means for a controlled bleed
of recirculating water from the tower. Preferably, such
means comprise a bleed valve responsive to the vacuum
produced at the injector valve.

As shown mn FIGS. 1 and 3, a vacuum line 51
branches off the chemical feedline 42 at a T-joint 43. At
a bleed valve 50, the vacuum from the injector 35 draws
water from a recirculating water return line 53 through
the bleed valve 50 to a waste line 52 and 62. A check
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valve 53 in the vacuum line 51 prevents chemicals from
the chemical feedline 42 from entering the bleed valve
50. The bleed valve 50 is capable of handling deionized
water as well as acids, caustic substances, coolants and
harsh chemicals that would corrode metal valves. Ac-
cordingly, it 1s preferred that the valve 50 be made of
corrosion resistance materials. The valve body can be
molded from glass filled engineering thermoplastic. The
diaphragm within the valve is made out of BUMA-N on
nylon and all seals are ethylene/propylene. Accord-
ingly, corrosive elements never touch a corrodible sur-
face.
A manual flow control valve 60 is provided to adjust
the bleed so that a definite percentage of recirculating
water is lost in relation to the amount of make-up water
added. Because recirculating water is bled from the
system only when make-up water and chemicals are
added to the system, the concentration of the water is
constant and accurate. The tower 10 is also provided
~ with valve 61 which allows the tower 10 to be drained
directly to waste. |
The foregoing description of a preferred embodiment
of the invention has been presented for purposes of
illustration and description. It is not intended to be
exhausted or to limit the invention to the precise form
disclosed. Many modifications and variations are possi-
ble in light of the above teaching. The embodiment was
chosen and described in order to best explain the princi-
ples of the invention and its practical application to
thereby enable others skilled in the art to best utilize the
invention and various embodiments and with various
modifications as are suited to the particular use contem-
plated. It is intended that the scope of the invention
only be limited by the claims appended hereto
What is claimed:
1. A water cooling tower system which comprises:
" a water cooling tower havmg means for recirculating
a liquid therethrough; -

means for adding make-up liguid to the tower In
order to compensate for recirculated liquid lost to
evaporation;

means for sensing and controlling the level of liqud

in the cooling tower, said means for adding make-
up liquid to said tower being responsive to said
liquid level sensing and controlling means,
whereby when a minimum level of liquid 1s sensed
by said liquid level sensing means, make-up hiquid 1s
added to said tower by said means for adding
make-up liquid; and

vacuum responsive chemical additive means con-

nected to said means for adding make-up liquid to
said tower for controlledly adding chemicals to the
make-up liquid in response to a vacuum created as
a result of the make-up 11qu1d being added to the
tower.

2. A water cooling tower system as defined in claim
wherein said vacuum responsive chemical additive
means includes an injector valve in which a vacuum is
produced as make-up liquid passes through it.

3. A water cooling tower system as defined in claim
2, wherein said vacuum responsive chemical additive
means is connected to a chemical holding tank whereby
when said vacuum is produced in said injector valve,
chemicals are drawn from said chemical holding tank
into said injector valve and blend with said make-up
liquid in said injector valve before entering said tower.

4. A water cooling tower system as defined in claim
3, further including a metering jet connected between
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said vacuum responsive chemical additive means and

said chemical holding tank for controlling the amount
of chemicals drawn from said chemical holding tank.

5. A water cooling tower as defined in claim 3, fur-
ther comprising means for preventing chemicals drawn
from said holding tank from reentering said holding
tank when n make-up liquid i1s being added.

6. A water cooling tower as defined in claim 3§,
wherein said means for preventing comprises a check
valve.

7. A water cooling tower as defined in claim 1, which
further includes means for providing a controlled bleed
of recirculating liquid.to waste.

8. A water cooling tower as defined in claim 7,
wherein said means for providing a controlled bleed of
recirculating liquid comprises a bleed valve responsive
to said vacuum created as the make-up liquid 1s added to
the tower.

9. Water cooling tower as defined in claim 8, wherein
said bleed valve is further connected to a manual flow

control valve to control the amount of liquid bled to

waste.,

10. A water cooling tower System as defined in claim
9, wherein said vacuum responsive chemical additive
means is connected to a chemical holding tank whereby

“when said vacuum is produced in said injector valve

chemicals are drawn from said chemical holding tank,
into said injector valve and blend with said make-up
liquid before entering said tower.

11. A water cooling tower system as defined in claim
10, further including a metering jet connected between
said vacuum responsive chemical additive means and
said chemical holding tank for controlling the amount
of chemicals added.

12. A water cooling tower as defined in claim 10,
further comprising a check valve for preventing chemi-
cals drawn from said holding tank from reentering said
holding tank when no make-up liquid is being added.

13. A water cooling tower as defined in claim 7, fur-
ther comprising means for preventing chemicals from
entering said bleed means.

14. A water cooling tower as defined in claim 13,
wherein said means for preventing comprises a check
valve.

15. A water cooling tower system as defined in claim
14, wherein said vacuum responsive chemical additive
means includes an injector valve in which a vacuum 1s
produced as make-up liquid passes through it.

16. A water cooling tower system as defined in claim
1, wherein said liquid level sensing and controlling

means includes a non-modulatmg float operated make-
up valve.

17. A water cooling tower system as defined in claim

~ 16, wherein said non-modulating float operated make-

33

65

up valve comprise a float which when the hquid level in
said tower decreases below a set level pulls magnets
over a magnetic plunger lifting said magnetic plunger
off a diaphragm in the valve allowing make-up liquid to
flow therethrough.

- 18. A water cooling tower system as defined in claim
17, wherein when the liquid level i1n said tower in-
creases above a set point said float rises lifting said mag-
nets upwards releasing said magnetic plunger which
then seals the diaphragm and valve allowing no make-
up liquid to flow therethrough.

19. A water cooling tower system which comprises:
a water cooling tower having means for recirculating
a liquid therethrough;
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‘means for adding make-up liquid to the tower in
order to compensate for recirculated liquid lost to
evaporation;

means for sensing and controlling the level of liquid
in the cooling tower, said means for adding make-
up liquid to said tower being responsive to said
liguid level sensing and controlling means,
whereby when a minimum level of liquid 1s sensed
by said liguid level sensing means, make-up liquid is
added to said tower by said means for adding
make-up liquid;

vacuum responsive chemical additive means con-
nected to said means for adding make-up liquid to
said tower for controlledly adding chemicals to the
make-up liquid in response to a vacuum created as
a result of the make-up liquid being added to the
tower; and

vacuum responsive liquid removal means for bleed-
ing a portion of said recirculate liquid to waste.

20. A water cooling tower system as defined in claim

19, wherein said vacuum responsive liquid removal
means includes a bleed valve, whereby said vacuum
 created as make-up liquud is added to the tower draws
liquid from said means to recirculate liquid through said
bleed valve t waste. |

21. A water cooling tower as defined in claim 20,

further comprising a check valve for preventing said
chemicals from entering said bleed valve.

~ 22. A water cooling tower system as defined in claim
20, wherein said vacuum responsive liquid removal
means further includes a manual flow control valve for
controlling the amount of liquid bled to waste in pro-
portion to the amount of make-up hquid added to the
system.

23. A method of controlling the chemical concentra-

tion in a water treatment system comprising a cooling
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tower containing a liquid which is recirculated there-
through comprising the steps of:

sensing the liquid level in the cooling tower;

adding make-up liquid to the cooling tower in re-

sponse to the liquid level in the cooling tower
dropping below a predetermined level;

producing a vacuum in response to said adding make-

up liquid;

adding chemicals to said make-up liquid in response

to satd vacuum,; and |
bleeding a portion of said recirculated liquid to waste.

24. The method defined in claim 23, wherein said
steps of sensing the liquid level in the cooling tower and
adding liquid to the cooling tower are carried out by a
non-modulating float operated make-up valve.

25. The method defined in claim 24, wherein a float of
said non-modulating float operated make-up valve
senses a minimum level of liquid in the cooling tower,
and, in response, the make-up valve of said non-
modulating float operated make-up valve opens and
make-up liquid 1s added to the cooling tower.

26. The method defined in claim 23, wherein said step
of producing a vacuum occurs at an injector valve in
which a vacuum 1s produced as make-up liquid passes
through it.

27. The method defined in claim 23, wherein said step
of adding chemicals to the make-up liquid occurs as
chemicals are drawn through a metering jet from a
chemical holding tank by said vacuum into said injector
valve and blended with said make-up liquid.

28. The method defined 1n claim 23, wherein said step
of bleeding a portion of said recirculating liguid to
waste 1s carried out by a bleed valve responsive to said

vacuum produced in response to adding make-up hquid.
* % * X %
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